FAEEALASE 45 (3) ; 31—36, 2021

YavlaunNToREELE LA LRELSERVE Y

(K85
i
VP N
e

BT

oIRGB TR AR ZE AR

BHUIAN AR DK AEIREE % L3 2 Tk 2K 4 APEiIR 2 /o2 L 12X ), RERED
ZALIZHEIG L TWb o R4 ZoBEICBWTIE, WA ERMIS, 4 22D Y ZF R
R B2 B2, YavYaonNTof YA VIZBEBAEAE L. 4 YA VEERT T
RERBMEINTVWE, INHDH B, REICEELRKRENZREOAL VA VT F N, B
DA VA VEAMBL S ENL, WIS DAL VA VERRTF FOER WX,
NEiAHAE 2 13 U od & 3 2 KRR S S b, KREBICEMEA ¥ 2 VHI#EIKN T2 EHE 2
BE 2R EPHONII o TE, T2 A4 VA VEAMKIZ, RERIINZ, &
ERRZIRDO AN ZZ B EBWHSNI o TER. SO BRBEKGEN AV 2))
YHEE T OERERER XL 05 OFHR S DA ZHL 2T 5 2 L I2X D, EEH
EDXHIZLTHREZHAND, BLLTWE00PHONMIRs IS,

F—"— K ! Nutrient-responsive hormone, Drosophila, growth, insulin-like peptide

1. [FUsIC

Wk oo S L, PoU LERRTH L, RHO
HERBIIE . & MPAEFTE RV X9 2l 2 BB
LIS Ly UFED L) 2L WBREESORTL I 1 7
FA T NVEMTIENTE S, REOBREMNZEI L,
BB L 7B 2 BT WD, RN D HE L
BWEERD 1 DOTH Y, KIBIRBIE U TS A Z2H
W92 EREBRICESAONIBLTHL, /20 F
AaDXH, FHRVEWOEE RN ED Qs
H) #3720, inAFHiEz LT 3<IC%
xRS A0 L IRIRIN % BEA T BB AT B0 &
D) R RHOBREHSICEE 2 %EZ2H ) 05, NG
WRTHbD, WHWRIERTF FRT7I v, A7UAfF
lrHWFL LT, HMEENLERMEEZTI. N
WA K BIERIZEL, BHEBOGT 24 GG S
FWTHTEIED, SRR ETEIET S,

UL S T S
T 8300011 i b WL AFH KT AT 67 7t
TEL : 0942-37-6313
FAX : 0942-27-7331

E-mail : sano_hiroko@kurume-u.ac.jp

B oM. Mok eBil, k% Eh
WRE R KR i Z VTR S, ZRERIVE Y ORHR
WARE SN L EE FFTE/z, Shiucxi L, AR W%
BREFNVEWTHL Y awYa iy, R4 N
NSV, NWIFEICIEIARNE & ShT&7z, L
L. 2000 SEiC&5 7 AR RIS b &, 7/ AR
Bl R VE VZEE (51 G vy g
7k GPCR) " FMTEL LS %Y., VI Y FO#E
TR o2y 2o X9 S, BRI
EHAGDLELZEICED, Y avYa v NTONGW
MBI AEZOHIC I LT b, ARTIE. SEEEBIC
o U7k 4 ZEICENE LT, Yavya Nty
AWTR SN2 BT 5o

2. Yauyau)\IoEY« XRE

T ay Y a NI OERY A L, R & R R
WX o TES N, IEREORIIZIZS ) v 7
FNDPEBELREHER2T 4 V2 Y ZRME (InR)
RA VA VWY (chico) FRIAL7-ERAT
. MR E B L CHIR O 4 XA L. R A4 XH
PAREF TSR, A VA VEERTF R
(Drosophila insulin-like peptide: Dilp) &, 8 f#%il] %
ENTw2 Pl Dipls BLU 73 b R V&

_31_



BB EZF o0l L, Dilpb ik b4 2
YRR IN T (IGF) &ML L 72 3% % # 2 ¥, Dilp8
B3A YAV Y /IGFED BV IFT 773 —RTS
F NG Z# D, InR Tld % < Lgr3 L IFEh 5
GPCR 2/ ¥ % P, Dilp i3 # hZh 7% 2 Mk A
T—IVTHRIHALTBY, H—DZH Rz LA VA
VY TF VISR S LTV, YayYay T
DRI Y7 2502 B vCid. Dilp2. Dilp3 B &
O Dilps 2D A » A Y EAMIBTHREAL TV D B
A YA VEAEMTBIE. ORI — N oMIfast L L
THAET RN WAMIBTH B 1 > R ¥ REAMN
ZhpE LRt M fEo EA-R R £ XA
RonbZehs, 4 A VEEMBELS W END
Dilp i¥. WifLFHDOA 2 ) v e 4 v A YRR ERNT
OO L Z 2 5hTws Y,

A A4 ZRENCEE B EROAL YR YT T
DEERTWNE, FEREOWEEZZIT LI LML N
TWh, FmEHEIREICE S & 4 ¥ 2 VAT
2B B dilp3 B X U dilp5 mRNA OEAHAT 2 Y,
dilp2 mRNA OBUIHER O EEZ 21 R \w2S, Dilp2
DEMT bbb HWOETIRI T, 2ok
NoH A YA Y OEERTWAERDFAELIIT L -
TEALT A 2 ERWHLNITS NI,

—), REOBRIZIZIZHOBEENNRE SN D 7
B, R A ZZGRo RS2 L2 (B1),
BOHICIEEAREE (critical weight; CW) & IFIEN 5 K
BoFzy 7R AL VINPHEETZIEMONT NS
B, BRARAERIGET L LB - BRIV EYTHDHIY
IV v OEESER LS I BN OBITEGOT S
Nb, T, mZEEWM (terminal growth period;
TGP) &MEN 2 —EOREMM &K T, WEZ#IE

REEULIREFLES
>

&
&
é@'

A4 X

TGP

SRS

mAVR) Y
IOV UAHRIRE

B1 YA XERETDANZX L

R 8

Tho T VY VIFHIMRE JIZh Bk TERE NS
A5 HIMRRIE A A T BSR4 VA
VSR VY U EEAMREE SRS P BRES
fECid. A VA VAMOKTICL Y, BEEEAMET
FTHEEHIT, YUV YOG E N VO TR
B - BHEEOY 4 I VRN HRE L TR oM A
MPEL b ZODXIBRAL VA VXD VY Y
BROFIE, RERBICADLETREHEL KT &
Z—HCTREMBZIEREST A2 LICL), EFIC0ER
A X% MFET 2T AR L T2 50

3. RBIGEERIVEVICKDA VAY

WA T, b 27V o — 2o FR 2 RO N —
RIS EEEALTA YA Y2 5wT s, 2o
WA ATP IR Y D A F ¥ AV E I — FF
LHBIETIE, Ya v YaonNTyi oL v 2 vEAM
JATIIMI ST, A ¥ R VeI ASE HebE 2 &
THEVIWEERCET, —J T IS R
VREAMELC BB S ., Dilp2 o5 e IRET 5 2
EHBHINTVD T, L L, B4, KRR
ENRFEL NI THWENDL A ¥ A VI
FHEHFEE SN, A ¥ 2 YA X 272
FAEBAME D b KWHIRERD A > 2V HIEEK A2
KBEMIIB U724 YA YO - R e 1%
EROZEDNHONPICRoTE, 2L VA
VORI EE BB 2 OO0, Rk FIEh
LHKRTH Do MMk 1 BoMlEs» 5 s > — Mk
OMKETH Y. WABHONRIRGE & LT 2 2%
AHNTW5D, WA, BB & N5
BELLTCoOBREZHEERL, 7T XYL AL VL
BHEINERVEVEHWT LI EICLY, REPER

REFEHELBVES

>

@%‘{&

TGP

R R

BA V2 Y

T2 oA
> BEEEDET
> BREHFEOER

2 30Y3ONITOBY A XIREREERERBICK O TRESND, BFESE (CW) [GETHEIIIY
VOERDEEH SN, WANOBITHER DTSN S, TUT. RENEAE (TGP) &IFIENS—EDMK

EHBZERC. MRZFELETD, REFMHDREIESA.

RHECRBEY A XCHERT D, BREFMNTII.

AVAUVODBMETUCHRRRENME T T 0—1C. B - ZREKNVEY THOTI IV VD bRIEE
TgEWesh, SROBEIHENR <GS, CORMEIHCKD. EFICHESET A AR END,

_32_



TEHZH#T LM, Yavyay iz Td, B
Witk D RAIRE % B TR R R LM ORI L D E
LsEbE, 4 VR VEANMBIZBITZ A YA V55
WAEALT HZ EDBHLPICEN, YawTa NI
JE M5 P 4 W L 0 R DA AL & TR RR L P 20 WA R HE & ¢ 0
CERHONII ST, TR L LT, B
K pmEhs A4 v A YHIERTFOEENIBET Y.,
Fix B REFZIBE L THWENE A ¥ 2 VKT
AEE SN (’2),

$F O RPkB L OBECTHE - swshb A v
2 YHEREF 2 RE L2 D sl TIiE. GPCR
EZFDY)H Y FTHLEMRTTF FAFVE VHEIEDS
K ZEHZEPAOENTVWE, 2T, Yavdargn
I A5 A Y FARHO GPCR Z# R L. ks
LI L7727 F FH» 5, GPCR 2 b5 b 0z #E
FHlle COEHI BT Tu—FI2LY, GPCRZ2—F
5% CG14593 » V) # >~ F & LT CCHamide-2 (CCHa2)
ZREL7ZY, CCHa2 13 13 7 3/ B Ah 5 K 5 8K
YRTFRTHY, TTHICTATA V2L DEUENRA
Bo RTZFFOCEMIZT I MEER TV B A, ZHid,
BHONXTF FPRVELC DL LICET L TH 5,
CCHaZ XRHHE TR RESNTE Y., BT
RS OFM L 72500 FIE oD o Tne v, EFH LI,
CCHa2 12 & o Tifitft S5 GPCR %. CCHa2 %%k
(CCHa2-R) & £fFir72,

CCH22 mRNA 37 AV 7+ — Ak o TRRB5H
NE = RRTH, BRIARTIR DRI L, BE M
THIBLT 5 "%, CCHa2 ®IEHIZ 7 )V o — 2 EHUC
YoTHFEESNSLZ L, CCHa2R IO A » 21 Vi
M CHRIT S Z LS. CCHa2/CCHa2-R IZAH &3
BERE D% CHISENY 7 FIVREE BT 5 2 L8

AVAVY
EHRE

Dilp

!

R

M2 A VRY VEEMRICSHIT DRERIEDAT

WS 227 - 72 1 Sl o %8 R 12 CCHa2 % 4% 5-
ThHE A VAR VEAMBOFE LS SNE 2 L
5. CCHa2 i& CCHa2R #4/-LCA ¥ 2 VeI %
EEHMTAILEEZONL, Y awya s NNToi,
LI F— b X Y a v IR SRR SIS L 5
THEFE L2270 THIRTEDNTEY . MHNNOEHED
WAZB MR M ofks 2 f72 LT M I\
R S E N7z CCHa2 A2 oMM %2 £ X 9
WL CHEMT 2 OMPIERIEAHTH ) . S HOMHTHH]
fishs,
CCHa2/CCHa2-R OZ #ARMER X 2 BRAEMAAT 20 5
CCHa2/CCHa2-R & Dilp2 @ 43, Dilps ®JEH 5 X O
SWERET S EAHS % o 72 CCHa2 ZE 51k
B £ UF CCHa2R ZRARTId, k4 1 X933
WK T9 %, 2% 9, CCHa2/CCHa2R i&. Dilp2 3 &
U Dilp5 Z4- L T RO B R % B O BEURI I &b
THHiTAHEEHOLEZOND, KT L ME
RNGW Y 7 F VI & BAH - RIS B izl
THIHPIZSNT &S WIS - 2Rt Bw
THERELBLEZHE) S EFW SR, WK A H
ZALTHHIEIRBENT,
CCHa2/CCHa2-R 12 X % Dilp2 B & O Dilp5 o fil] #
BRI oW TIE, W O» oA H 5, CCHa2 1
MR A V> AiREO ERZIREE LTRE S h 7z
GPCRTHBZlb, BELL GafaMTH s LE
ZAbNb, GqiEMZHERICY T Y FEHEET D L,
INBLIRD S IV WA F Vi &b, CCHa2 @
CCHa2R ~O#EHITL Y, MBaN A v AEED E
AR, HAFN—FHBICBTE4 2R Vo
WE RS, BN OBEAOBAEZIREL TWDH O
b L\, dilps OISR O Tl EEH 72

E-7I/B KEEH/ME BER

CCHa2 GBP1,2
Sun

S

230V 3D N\TIEMFIE. RERVPBERREZRAIL CTERAEA VAU VHlEEF 209 ©. #HRPICKE
SN VAU VREFIE. WO VAU VEEMRTRESI. A VAUVENTF K (Dilp) OFRPD
WERIE T D, BERAEOM. SRR CRZE D EO T Pl DREKFHICA VAU VEHEFZ00T &
SREIPRERRMEMRRZ N U T VAU VEEMRICGESNS. 4 VAUVEEMRIE. NoOEHRzZ
FEaUL T Dilp Z0mL. BOMUCIRBICEDE CHREZHET &,

_33_



AT 2547 N T\ B, dilps D3EBLIL, Eyless B L O
Dachshund & FHEN B HRE K F12 & DAL S s
Eyless 3 & 0" Dachshund D388 H 413 528 5 1Ak AF
L %2\ 25, fLERIE I Foxo BB /723 b s h
THEWNIZAD, Eyless LG T 50 2 DOFEAH Eyless-
Dachshund B &R DI % BE S 2 72012, HLEERIC
B 3 dilp5 DFBHIPET T %, CCHa2/CCHa2R ¥ 7
F VI dilps DFEBEHIET 5 21 S ORER T % il )
THWEEEIEZ 5N,

PEOEIUIIL U TR S0 s s 4 v A1) Vil
MKFE L Tix., Unpaired2 (Upd2) 2REEhTWw
%P, Upd2 %3, Pl EH BT, MBI
TREOBEPIZEY EATZ, 73/ BSEEDL »
U CHIBIREF & LTiZ, Growth blocking peptide 1. 2
(GBP1. 2). Stunted (Sun), TNFa ¥ 7+ V% 3 — K
¥ % Eiger (Egr) &SN TWwb, GBPL, 2B X
Sun 1855 ¥ 87 B&MCRE2 S 0w s, s
\F % Dilp2, 5 D5 EMRMEST 2 DIZx L # P, Egr it
K5 87 B 5t TRRIIED S 40 & . Dilp2, 50
R EIHET 2P, b4 v 2 CHERE T,
A YA VEEMETERZEShL DL, 4 ¥R
VAR BT 2 MR T2 & LTI I IE
AT 250125155, Sun BL P Egr i3I & TH
. GBPl, 2B XU Upd2 138 & TH 5, GBPL. 21,
A YA YA RS A Mo 7256 & %
EGFR ¥ 7 F VA AL Tz B LIZED, £ VR ¥
BE A DO % 1R % ) Upd2 13 TO/ETBE
LD ho TWRWA, 4 ¥ 2 VEAMIICHRS 3
BRI D172 5 & % JAK/STAT ¥ 7+ Va4 LT
WRBZEWTEY A v R VREAMEL O IIH % 5§
% B,

INE T, RIERHEO HF oW THRRT & 7225,
BixPwb oo, RRUILORGE D REEEA ~
2 YHIEHE T 75w A, €@ 121t ring gland &
MEE 2 AR L 7223 E CTd 5. Ring gland
1%, #E% % L < Adipokinetic hormone (AKH) %4}
W3 b, AKHIZMOA v A ) ViEEAMBTZEINT
Dilp3 O & (2§ % ¥ Z o, fid%E B - TR
B E LTHEEL WA 7Y THIIZ. 73 7 ERep
Z 1 L T Dilp6 % BP0 % ¥, Dilp6 (3o =
Y AR PRI IZ I /B L C Anaplastic lymphoma
kinase (ALK) ¥ 7 F V&AL TA ¥ A VLM
TO dilp5 DHEBLZMHET %o

4. A4V VESEMHENDRLEAN

A VA VAL IZRFEDA O BRI S AJ1§
HIENRREEINTWE, ZD1DRMETH 5. K
Mt Tl b3 2 fikMIE2s 4 >~ A ) v A M IS
BHLTBY, Dip 0EHABIUOGWERET L L
BHEENTVE B, Y ayyaw N3RS T
KA ZABRRKREL BB EPMOENT WA, 208
SEREMTLMATH S, T/, Tk, KBRS
Dilp DFHB L OGS HE LY RITT 2 LS H»IC

sz Pl REBE SN RIRICB VT, EEIC
PRAE S N7AREE HFE IR T (hypoxia-inducible factor-la:
HIF-la) %4t L CEHIS N, il2B1F 5 Dilp o585
XU WEIHRI L, k4 X2 WP EEB, TNHDHE
Eh S, BZL L, HIF-la KEMICIEIATAER S L
TA Y R VEEMBORREZ HIH S 5. A EE D5
HRTFVIFAETSHEEZ LN S,

5. &HbI(C

YavYaunNIEEFIVE LLBIFICED, £ VR
) VAR I BRI A (mE T 2 8% L ODATIND
BT EDNW NI o lze EFITHEEE KITTERBEN
W REEDIIA, IREE, BEHR. K EEEAFAET 5 D5,
ENSHEHWICE > TEMiTIE W BIZIE v ar s
INTIHMOPERII LTI, IO L7 I VBN
RO VEERZETHL I EPHESRATWE P, £
NesHiE, 73 /7 BICK 2RI X 2300k b bk
AT ENDLONPHKTH Y, BHLNZZIRRIZ & - THE
AIFIE R WEEED DD, TS ZHMA LT, Efk
DAL D XA VA VO - ke L
THWHTBRERD L, Tizo BTk Hic, #
NENOBRBERHIIS CTHRVE VDB ENL T T
7o\ A= OBBEHHIIIE U THREDO RV E ¥ 295500 S
NABEL DD, RVEY YT FIVOMEERED ., B
WA v A VEEMBANOERZZT TR L MifEx N
L72MBN D ORH LN GhroTE, TDLH
LERRG Y 7TV EEDIHITHRA L. LD X IThHk
OEMINT 2T TOLDODEWLNIT ST & HRE
WIS ZHHRT 27-0ICEETH ). SHOMEOMEED
MrEsh s,

G|

1.  Adams MD and Celniker SE and Holt RA, et al.
The genome sequence of Drosophila melanogaster.
Science 287: 2185-2195, 2000.

2. Bohni R, Riesgo-Escovar J, Oldham S, et al.
Autonomous control of cell and organ size by
CHICO, a Drosophila homolog of vertebrate IRSI-
4. Cell 97: 865-875, 1999.

3. Brogiolo W, Stocker H, Ikeya T, et al. An
evolutionarily conserved function of the
Drosophila insulin receptor and insulin-like
peptides in growth control. Curr Biol 11: 213-221,
2001.

4. Tkeya T, Galic M, Belawat P, et al. Nutrient-
dependent expression of insulin-like peptides from
neuroendocrine cells in the CNS contributes to
growth regulation in Drosophila. Curr Biol 12:
1293-1300, 2002.

5. Garelli A, Gontijo AM, Miguela V, et al. Imaginal
discs secrete insulin-like peptide 8 to mediate
plasticity of growth and maturation. Science 336:
579-582, 2012.

_34_



10.

11.

12.

13.

14.

15.

16.

17.

18.

Rulifson EJ, Kim SK, and Nusse R. Ablation of
insulin-producing neurons in flies: growth and
diabetic phenotypes. Science 296: 1118-1120, 2002.
Geminard C, Rulifson EJ, and Leopold P. Remote
control of insulin secretion by fat cells in
Drosophila. Cell Metab 10: 199-207, 2009.

Mirth CK and Riddiford LM. Size assessment and
growth control: how adult size is determined in
insects. Bioessays 29: 344-355, 2007.

Caldwell PE, Walkiewicz M, and Stern M. Ras
activity in the Drosophila prothoracic gland
regulates body size and developmental rate via
ecdysone release. Curr Biol 15: 1785-1795, 2005.
Colombani J, Bianchini L, Layalle S, et al.
Antagonistic actions of ecdysone and insulins
determine final size in Drosophila. Science 310:
667-670, 2005.

Mirth C, Truman JW, and Riddiford LM. The
role of the prothoracic gland in determining
critical weight for metamorphosis in Drosophila
melanogaster. Curr Biol 15: 1796-1807, 2005.
Seino S and Miki T. Physiological and
pathophysiological roles of ATP-sensitive K+
channels. Prog Biophys Mol Biol 81: 133-176, 2003.
Kim SK and Rulifson EJ. Conserved mechanisms
of glucose sensing and regulation by Drosophila
corpora cardiaca cells. Nature 431: 316-320, 2004.
Fasshauer M and Bluher M. Adipokines in health
and disease. Trends Pharmacol Sci 36: 461-470,
2015.

Ida T, Takahashi T, Tominaga H, et al. Isolation
of the bioactive peptides CCHamide-1 and
CCHamide-2 from Drosophila and their putative
role in appetite regulation as ligands for G protein-
coupled receptors. Front Endocrinol (Lausanne) 3:
177, 2012.

Sano H, Nakamura A, Texada M], et al. The
Nutrient-Responsive Hormone CCHamide-2
Controls Growth by Regulating Insulin-like
Peptides in the Brain of Drosophila melanogaster.
PLoS Genet 11: 1005209, 2015.

Ren GR, Hauser F, Rewitz KF, et al. CCHamide-2
Is an Orexigenic Brain-Gut Peptide in Drosophila.
PLoS One 10: 0133017, 2015.

Chintapalli VRW, ]J.; Herzyk, P.; Dow, J.A.T.
FlyAtlas: survey of adult and larval expression.
Personal communication to FlyBase: http://
wwwflyatlasorg/, 2010.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

_35_

Daneman R and Barres BA. The blood-brain
barrier--lessons from moody flies. Cell 123: 9-12,
2005.

Okamoto N, Nishimori Y, and Nishimura T.
Conserved role for the Dachshund protein with
Drosophila Pax6 homolog Eyeless in insulin
expression. Proc Natl Acad Sci U S A 109: 2406-
2411, 2012.

Rajan A and Perrimon N. Drosophila cytokine
unpaired 2 regulates physiological homeostasis
by remotely controlling insulin secretion. Cell 151:
123-137, 2012.

Koyama T and Mirth CK. Growth-Blocking
Peptides As Nutrition-Sensitive Signals for Insulin
Secretion and Body Size Regulation. PLoS Biol 14:
€1002392, 2016.

Delanoue R, Meschi E, Agrawal N, et al.
Drosophila insulin release is triggered by adipose
Stunted ligand to brain Methuselah receptor.
Science 353: 1553-1556, 2016.

Agrawal N, Delanoue R, Mauri A, et al. The
Drosophila TNF Eiger Is an Adipokine that Acts
on Insulin-Producing Cells to Mediate Nutrient
Response. Cell Metab 23: 675-684, 2016.

Meschi E, Leopold P, and Delanoue R. An EGF-
Responsive Neural Circuit Couples Insulin
Secretion with Nutrition in Drosophila. Dev Cell
48: 76-86 €75, 2019.

Kim ] and Neufeld TP. Dietary sugar promotes
systemic TOR activation in Drosophila through
AKH-dependent selective secretion of Dilp3. Nat
Commun 6: 6846, 2015.

Okamoto N and Nishimura T. Signaling from
Glia and Cholinergic Neurons Controls Nutrient-
Dependent Production of an Insulin-like Peptide
for Drosophila Body Growth. Dev Cell 35: 295-310,
2015.

Li Q and Gong Z. Cold-sensing regulates
Drosophila growth through insulin-producing
cells. Nat Commun 6: 10083, 2015.

Texada M], Jorgensen AF, Christensen CF, et
al. A fat-tissue sensor couples growth to oxygen
availability by remotely controlling insulin
secretion. Nat Commun 10: 1955, 2019.

Havula E, Teesalu M, Hyotylainen T, et al.
Mondo/ChREBP-MIx-regulated transcriptional
network is essential for dietary sugar tolerance in
Drosophila. PLoS Genet 9: 1003438, 2013.



The roles of nutrient-responsive hormones in environmental adaptation of

Drosophila melanogaster

Hiroko Sano

Department of Molecular Genetics, Institute of Life Science, Kurume University

Abstract

Insects have flexible mechanisms for body size regulation that reflects the nutritional
status, which enables them to adapt to changes in their environment. In Drosophila, body
size is regulated by insulin signaling, as in mammals. There are multiple Drosophila insulins,
which are called Drosophila insulin-like peptides (Dilps). Among those, Dilps that play
major roles in growth control are secreted from insulin-producing cells in the brain. The
production and secretion of Dilps in the brain are controlled by nutrient-responsive insulin
regulators, which are secreted from peripheral tissues, such as the fat body, in response to
specific nutrients. Additionally, temperature and oxygen conditions affect the secretion of
Dilps, suggesting that various environmental inputs are transmitted to insulin-producing
cells. Further study on the action and integration mechanisms of these environment-
responsive insulin regulators will help to clarify the mechanisms by which insects adapt to
their environment.

Keywords : Nutrient-responsive hormone, Drosophila, growth, insulin-like peptide
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